Paraffin, 1899 to 1914
Paraffin is a group of hydrocarbons, which is saturated with carbon to hydrogen bonds, making them relatively inert. The basic repeating unit in the polymers is: -(CH 2 ) n-. Paraffin exists as a hard form (wax) and a soft form (vaseline). Waxes are longchain hydrocarbons, containing more than 20 repeating units. The softer form of paraffin, vaseline, is composed of shorter molecules. It looks and feels like the product that goes by that trade name today. Both the soft and hard forms of paraffin have a low melting point. Before injection, paraffin was heated inside a chamber surrounded by warm water (Figure 1 ), to form a semiliquid material, which allowed easier injection.
The first published report of paraffin injections into a patient dates back to a report by Gersuny, of Vienna, in 1899 (1) . This patient was a young man, who had undergone a bilateral orchiectomy for tuberculous disease. Gersuny injected paraffin into his scrotum, so that the patient could pass the physical examination necessary to join the army. Paraffin injections were subsequently used extensively from 1899 until 1914, primarily to augment the size of women's breasts.
In 1903, Gersuny published a report about soft and hard paraffin injections (2) . He chose to use a mixture of one part of vaseline (soft paraffin) and three parts of olive oil. His theory was that the olive oil would be absorbed by the body, leaving small particles of paraffin, which would become surrounded by the body's own connective tissue. He surmised that the lasting effect of the method would come from the resulting permanent framework of connective tissue, rather than from the paraffin.
The early results of paraffin injections were often quite acceptable. The complications that followed these injections frequently did not show up until five or 10 years later. In 1912, Hollander provided an early report (3) on the complications of paraffin injections into a patient's breasts. That patient had injections in 1904, and initially had an 'acceptable' result. However, five or six years later, she developed ugly knots and draining fistulae that required surgical intervention. Kolle Fewer surgical procedures have a history as fascinating and as terrifying as breast augmentation. Initial efforts at augmentation involved injection of substances such as paraffin or oil into the breast tissue, or the implantation of substances including ivory or glass balls, or rubber. More recent efforts have included the injection of liquid silicone or polyacrylamide hydrogel. The current paper reviews four distinct eras of breast augmentation, and provides the current status of these injection materials. A case report is presented on a woman whose breasts were injected with polyacrylamide hydrogel in Iran. The current status of this group of materials is also presented. During the past 110 years, history has repeated itself during each of the four eras of injection. tissue (4). These complications ranged from aesthetic failure to death. They included pulmonary embolism, migration, ulceration, fistulae, infection and necrosis. These complications would frequently lead to breast amputation.
During the early 1920s, a new term was coined -paraffinomas -to describe the delayed, chronic, inflammatory granulomatous reactions that developed after paraffin injections (5). This phenomenon involved both skin and underlying soft tissues. It was characterized by the development of indurated masses, pain, ulceration, fistulae and necrosis. When these complications were initially seen, plastic surgeons dismissed them as "cases of individual susceptibility". Figure 2 shows the clinical status of a woman in our practice, who had received paraffin injections in the Far East 40 years earlier. She had undergone multiple debridement procedures and bilateral mastectomies over the years to treat multiple ulcers and fistulae. She continued to suffer from areas of induration, ulcers and fistulae.
Radiologically, injected paraffin does not form a solid body in tissues. Rather, it consists of many droplets, widely dispersed in the tissues. On mammography, early paraffin injections appear as multiple, circumscribed, noncalcified masses in the retroglandular and subpectoral regions (6) . By contrast, latestage paraffin injections (paraffinomas) demonstrate numerous multiple dense nodules with arc and ring calcifications (7) .
In the western medical world, injection of paraffin became progressively more popular from 1899 until approximately 1914, when its use began to taper. Ultimately, in his 1926 textbook, H Lyons Hunt called it an "inexcusable practice" and blamed "beauty doctors and other such imposters" for its continued use. However, in the Far East, the practice was continued into the 1950s and 1960s (8) . Deaths continued to be sporadically reported after paraffin injections. In one such case in Hong Kong, in 1957, a 32-year-old mother of four died of a fat embolism, 48 h after she received 11 paraffin injections into her breasts by a "beauty clinic nurse". At an inquest on this patient, the jury returned a unanimous verdict of manslaughter. The magistrate issued a warrant for the arrest of the nurse. In both Europe and the United States, a number of patients injected themselves with paraffin as a self-inflicted injury to escape the military service or deportation (8) . Other patients injected themselves to enlarge the penis or breasts.
The disastrous experience with paraffin was to live on in the collective memory of the plastic surgery profession. Plastic surgery historians have blamed the paraffin saga for severely retarding the progress of the profession. Plastic surgeons became susceptible to the blandishments of quick results. As complications unfolded, physicians followed the pattern of first blaming the technique and the lay people doing the injections. Then, individual patient susceptibility, and finally the material itself, were blamed for the adverse effects that resulted. Poor outcomes made patients distrustful.
a Plethora of materialS, 1915 to 1943
After the paraffin saga, there was a period of approximately 30 years during which time a huge plethora of materials was used for breast augmentation. The list of these materials was limited only by the extent of man's imagination. During this time, the following materials were used: ivory balls, glass balls, vegetable oils, mineral oil, lanolin, beeswax, shellac, silk fabric, epoxy resin, ground rubber, ox cartilage, sponges, sacs, rubber, goat's milk, Teflon, soybean and peanut oil, and glazier's putty. The outcome with each of these materials was similar -chronic inflammation with foreign body granulomas. Many of the materials had severe tissue reactions. Infections were common. Ultimately, none of the materials proved to be useful for breast augmentation.
liquid SiliCone inJeCtionS, 1944 to 1991
Surely the terrifying history of paraffin injections should have taught both physicians and patients to be wary of injectable materials for breast augmentation. However, in the 1940s and 1950s, many physicians and lay clinics turned to liquid silicone injections, for this purpose (9, 10) . Silicones are extensively cross-linked polymers of dimethyl siloxane, with a basic repeating unit of:
In 1943, the Dow Corning Corporation and Corning Glass formed a joint venture in the United States, to develop silicone products to be used for military purposes during World War II. Ultimately, these silicones were used for waterproofing, to prepare grease and oil products for aircraft, to insulate electrical transformers, and to prepare high-temperature-resistant rubbers. When the war came to an end, Dow Corning redirected their efforts to the formulation of medical-grade silicones. Medical grade refers to material that is pure in quality, sterile, and of constant viscosity. Medical-grade silicone was not available until 1960.
Near the end of World War II, prostitutes in Japan used industrial-grade liquid silicone extensively. United States servicemen preferred women with larger breasts than those of Asian women. Barrels of industrial-grade silicone began to mysteriously disappear from Japanese docks, destined for injection into the breasts of these enterprising ladies, to cater to their potential clients.
In Japan, liquid silicone was available under the names Elicon (a heat vulcanized silicone gel) and Zeflon (a fluid that was mixed with an organic salt of tin). Both of these preparations were industrial-grade silicone, not medical grade. A medical grade of silicone liquid was marketed by the Koken company in Japan, but not until many years later. Silicone injections continued to be used extensively in Japan and Asia after the war. Even today, they are used in certain areas of Asia.
Many of the complications of paraffin injections were repeated -a half-century later -with silicone injections. Some of them were even worse, because of impurities and additives in the silicone preparations. Medical-grade silicone was not available until 1960. Previously, only industrial-grade silicone was available. This material was never meant to be used for injection, because of its impurities. In addition, in many of the preparations, contaminants were purposely added to the injected material, as in the Sakurai formula (11) . Their purpose was to cause a sclerosis reaction in the breasts, to contain the liquid silicone and to hopefully prevent it from migrating through the breast tissue to other sites. Common sclerosing agents included croton oil, cobra venom, olive oil and peanut oil. The adverse effects of injected liquid were very similar to those of paraffin. These included the following: migration of silicone to other parts of the body, inflammation, discolouration, and the formation of granulomas, ulceration and fistulae.
In 1960, Dow Corning developed its first medical-grade silicone (12) , which was initially known as 'Dow Corning 200'. This material was subsequently refined further and was then known as 'Dow Corning 360'. It was marketed under the name of Dermagen. Its initial purpose was for waterproofing skin, primarily in burn victims. Although this material was not approved or intended for cosmetic injections in patients, it was used very extensively for this purpose, by certain physicians and by lay clinics. When it was used in breasts, huge volumes were often used. Large volumes of the silicone liquid were obtained under the false pretense that it was being used for burn mattresses, to treat injuries in racehorses and to prepare fertilizer products. All of these uses had been approved. Unscrupulous physicians in Las Vegas withdrew as much as a pint of the substance from five-gallon drums stored in their offices. This was injected into breasts under great pressure, using equipment resembling a caulking gun. In the entertainment business, these silicone injections were referred to as 'Cleopatra's Needle'. It has been estimated that in Las Vegas in the 1960s, two physicians, alone, used silicone to inject the breasts of over 10,000 women over a 10-year period (12, 13) . No records were kept on any of these patients.
By 1965, many complications began to surface from liquid silicone injections. Some injections had been done by plastic surgeons. However, many were done by laypersons, who were minimally qualified to undertake this type of procedure (9) (10) (11) (12) . Because of the problems caused by uncontrolled silicone injections by unqualified practitioners, in 1966, the Food and Drug Administration (FDA) designated silicone injections as a 'new drug' (14) . This ruling stipulated that silicone must undergo certain laboratory investigations before it could be approved for use. To date, these studies have never been done.
In 1966, the FDA authorized nine plastic surgeons and one dermatologist to investigate the cosmetic use of Dow Corning's highly purified medical-grade liquid silicone (Dow Corning 360) for certain problems in patients. The study was limited to only these particular physicians, who were treating certain facial deformities that were not treatable by other methods (9) . However, it appears that Dow Corning also provided this medical-grade silicone to other physicians, although they were not part of the official study (15) . Subsequently, Dow Corning noted that the original study "was not as tight as it could have been". Therefore, they decided to discontinue efforts to gain FDA approval, because they could not "prevent misuse of the product" (10) . In 1975, because of the horrendous complications from silicone injections into breasts in Las Vegas, the state of Nevada declared that it was a felony to inject silicone or to transport liquid silicone across the state line.
By 1990, over 100,000 patients had received facial silicone gel injections of known or unknown origin (13) . In August 1991, the FDA issued guidelines (16) clearly forbidding the marketing or sale of injectable liquid silicone for aesthetic injection purposes, until appropriate studies had been completed. To date, these long-term clinical investigations have never been done. In 1991, silicone injections were labeled as 'adulterated' by the FDA, to indicate that they had not received FDA approval for marketing or scientific study. In 1992, the FDA issued press releases mandating that "Physicians will no longer be allowed to use injectable silicone for cosmetic treatment unless the product is approved by the FDA for marketing or investigational studies" (17) . The FDA has never approved the use of injections of liquid silicone for the cosmetic treatment of patients, except in the 1966, 10-physician investigational study. In 1991/1992, the FDA officially banned the use of all silicone injection products by all physicians.
In spite of all of the warnings and cautions, liquid silicone injections were easily obtainable by any woman who wanted them. They were frequently injected in lay clinics in numerous regions of the United States. They were particularly popular in Mexico and even in San Francisco. Injectable silicone has also always been freely available from Asia.
In Canada, silicone has never been approved for injection purposes. In 1971, physicians and others obtained medicalgrade liquid silicone freely from New York, in 1 lb jars! Physicians and lay people used these supplies of silicone through the 1990s. Subsequently, liquid silicone was available by mail order from Panama, Mexico and Asia. Thousands of patients likely received facial injections of liquid silicone in Toronto over the years.
Under Canada's Medical Device Regulations, as amended in 1983, it is illegal to inject people with substances that have not been approved by federal authorities. This has always included liquid silicone. In 1992, the College of Physicians and Surgeons of Ontario declared that the use of silicone injections was "unlawful" and represented "professional misconduct". In spite of these declarations, a number of Ontario physicians, and at least one lay clinic in Toronto, continued to regularly inject liquid silicone over the years. Their source of injectable silicone was likely the 1 lb jars that had been obtained from New York in 1971.
In 1994, the FDA approved a form of silicone oil for the treatment of a particularly devastating AIDS-related disordercomplicated retinal detachment secondary to cytomegalovirus retinitis (18) . The purpose of the oil was to provide "prolonged retinal tamponade" so that the retina could reattach. In 1997, the FDA approved a commercial formulation of this silicone oil, Silikon 1000 (Alcon, USA), for the treatment of this disorder. In March 2001, the FDA cleared another commercial formulation, Adatosil 5000 (Bausch & Lomb, USA) for treatment of this form of detached retina. For the past several years, a number of practitioners in the United States have purchased these liquid silicone preparations, on the grounds that they were being used for the treatment of retinal detachment. However, they have been injecting the silicone to treat wrinkles and other cosmetic concerns (12) (13) (14) . In the case of retinal detachment, the silicone is meant to be removed after reattachment of the retina. This removal is not possible when this material is injected into soft tissues.
The FDA has never approved liquid silicone for general cosmetic injection purposes.
However, the FDA has no jurisdiction over the practice of medicine. Therefore, physicians frequently use devices that are FDA-cleared for one indication, but they use it in a totally different application or off-label use. This off-label use is beyond the authority of the FDA. The FDA Modernization Act of 1997 permits FDA-cleared devices to be used off-label, for any condition within the doctor-patient relationship (18) .
Currently, FDA-approved clinical trials are reported to be in progress for a liquid silicone product specifically for treatment of HIV-associated facial lipoatrophy and for use in cosmetic indications (14, 18) . Little is known about the study except that it involves the use of a microdroplet serial puncture technique, as described by Orentreich (19) . This injection technique was reported in the late 1970s. It consists of depositing minute droplets of liquid silicone 0.01 mL or smaller into the subdermal tissues at 2 mm to 10 mm intervals. Treatments are spaced at least one month apart until the desired result is obtained. Injection of these microdroplets has been shown to produce a mild inflammatory reaction, resulting in a fibroblastic response. The resulting fibrosis is responsible for the apparent soft-tissue augmentation. By contrast, injections of larger doses (greater than 0.05 mL) has been shown to produce granulomas and foreign body reaction. In this study, patients will be evaluated for at least seven years. To date, no follow-up studies have been reported.
Mammography of breasts injected with silicone demonstrates one of two patterns: multiple cystic masses ranging from 0.2 cm to 2.0 cm in diameter, often with calcification ( Figure  3A) , or large areas of opacity if larger volumes have been injected into areas of the breast ( Figure 3B ). Figure 4 shows the clinical appearance of silicone granulomas, which have been excised from silicone-injected breast tissue. Histology of this tissue ( Figure 5 ) shows extensive involvement of the breast tissue by silicone, which has been washed out during the tissue preparation and now appears as empty spaces or vacuoles. Histology also shows occasional giant cells, vascular obliteration, a chronic inflammatory response and destruction of the breast parenchyma.
The reactions of liquid silicone injected into breasts vary considerably. Not all patients appear to be equally susceptible to the deleterious effects of silicone. Some patients do not develop significant symptoms at all. In general, the average time from injection of silicone to the development of complications is nine years (13, 15, 20) . In the study by Wilkie in Vancouver, British Columbia, only 13 of his 92 patients injected with silicone from 1966 to 1976 developed granulomas (15) .
There are two main types of clinical presentations. The first type of patient usually presents with multiple and/or painful lumps in their breasts. In some patients, these may occur within two to three years of injection. In other patients, they may not occur until 10 or 15 years after injection (20) (21) (22) . Many patients have also had multiple injections of cortisone, in an attempt to decrease the inflammatory reaction. This can complicate the clinical picture.
The second type of patient presents with skin inflammation and impending breakdown. As the silicone invades the dermis and epidermis of the overlying skin, the breast may show varying stages of skin circulatory difficulties, from fine telangiectasia to necrosis. Skin capillary filling time is increased. Migration of the silicone is common. Figure 6 shows a woman who received Smaller granulomas can be treated by localized resection. With more extensive involvement, there is skin destruction, ulceration, necrosis and fistula formation. Once fistulae have developed, treatment is much more complicated. Extensive surgery is usually necessary to fully excise these areas. There have been few reports of successful treatment using a tipopen 8 mm canula (22) . The treatment of choice for advanced silicone granulomatosis with ulceration and fistulae is usually bilateral mastectomy. In many cases of major complications, their development is related to the use of industrial silicone, rather than medical-grade silicone. However, there are also well-documented cases of major complications, resulting in bilateral mastectomy, following the use of medical-grade silicone (23) .
Injectable liquid silicone has many qualities that could make it a suitable material for long-term soft-tissue augmentation. At the same time, there are still many unanswered questions pertaining to potential complications that need to be addressed before it can be considered for this purpose. A well conducted, controlled, long-term study is needed to answer these questions.
Pah
PAH is an extensively cross-linked polymeric soft tissue filler substance (25) that has been used in Ukraine, Russia and China for the past 15 to 20 years (26) (27) (28) . PAH was originally introduced to aesthetic surgery under the name of Royamid in Ukraine in the late 1980s. It has subsequently been marketed under many different names. PAH consists of 2.5% polyacrylamide and 97.5% nonpyrogenic water. The repeating unit for the polymers is polypropenoate:
Water is bonded between cross-linked polymers, by hydrogen bonding at the COO -groups. Theoretically, 1.0 mL of 2.5% PAH can bind up to 1.25 mL of normal saline. The water is highly exchangeable with the water molecules of human tissue fluids. A 10% reduction in volume occurs during the first days after implantation, as a consequence of osmotic exchange (28), whereby sodium from tissue fluids displaces water bonded to the COO -groups. Preparations of PAH have been shown to be stable, nontoxic, nonallergenic, nonabsorbable and nonbiodegradable.
PAH is also used in the production of soft contact lenses and intraocular lenses (29) . It is a major ingredient of microencapsulated gelosheres for drug delivery systems (30) and antibiotic release systems (31) . It is also used in food packaging products (32) , in the clarification of beet and cane sugar juices (27) , as a filler in the cosmetic industry, and as a flocculating agent in sedimentation and water purification (32) . It has been used as a tissue-bulking agent to treat female stress urinary incontinence.
CaSe PreSentation
A 29-year-old computer programmer and mother of a two-yearold son presented at our clinic with a one-year history of multiple lumps in both breasts. This patient was originally from Iran. She moved to Toronto about 10 years previously. Following the birth of her son in 2003, her breasts underwent involution and became smaller. Therefore, in August 2004, while she was on a holiday in Iran, she attended a plastic surgery clinic and had injections of PAH into each breast. This was done under a general anaesthetic, through inframammary injection sites. The left side received 150 mL, the right side 190 mL. She had only minimal discomfort for the following two days.
She was initially very pleased with her result. However, approximately one year after the injections, she started to develop visible, palpable, tender lumps in both breasts. They had increased in size significantly over the past year. The lumps were most noticeable in the inframammary and inferior-lateral aspect of the left breast (Figure 8) , particularly when the left shoulder was abducted ( Figure 9 ). The right breast was larger than the left side, and it showed significantly more upper pole fullness than the left side (Figure 8) . Clinically, the injection on the right side appeared to be submuscular, whereas on the left side, it appeared to be subglandular. The upper pole fullness on the right side became more apparent when she contracted her pectoralis major muscle. An magnetic resonance imaging study of sagittal gadolinium-enhanced images (mid breast through the nipple) is shown in Figures 10A, B , C and D. On the left side, the T1-weighted image shows low signal intensity material, mostly superficial to the pectoral muscles, in the subglandular plane ( Figure 10A ). The T2-weighted image shows high signal intensity material, again, mostly in the subglandular plane ( Figure 10B ). On the right side, the T1-weighted image shows low signal intensity material, mostly deep to the pectoral muscles ( Figure 10C ). The T2-weighted image shows high signal intensity material, also mostly deep to the pectoral muscles, with only a small amount in the subglandular plane, inferiorly ( Figure 10D ).
The patient was taken to the operating room and the PAH was removed from both breasts through inframammary incisions ( Figure 11 ). It had the consistency of Cream of Wheat (Figure 12) , and was easily 'milked out' through the inframammary incisions. The pockets were then thoroughly irrigated with a bacitracin/saline solution. She had an uneventful postoperative recovery. Figure 13 shows the histological appearance of capsular tissue surrounding the PAH material, stained with World Health Organization stain (hematoxylin, phloxin, saffron and alcian green). The interface surface of the capsule is covered by a row of mononuclear and multinucleated histiocytes. These cells are supported by multiple layers of collagenous fibrous tissue. On the surface of the capsule and within the capsule, there are pools of amorphous, nonbirefringent, granular, foreign material. These pools are lined by attenuated, stretched out, multinucleated giant cells (Figure 14) .
Six months later, the patient became pregnant and breast-fed her child for nine months. Three months later, she underwent a bilateral, inframammary, subglandular breast augmentation with 300 mL Mentor Moderate Plus Profile Elite Gel implants (Mentor Canada). Her final result is shown in Figure 15 , which was taken six months months after insertion of her implants.
diSCuSSion
During the past century, the history of breast augmentation has repeated itself on many occasions. The dreadful complications of paraffin injections (1899 to 1914) were repeated many times over the next 30 years, with the huge plethora of materials that were used for breast augmentation. During the 1940s and 1950s, a half-century after the paraffin saga, history repeated itself again with silicone injections. Some of the complications were even worse, because industrial grade silicone was injected and contaminants were purposely added to the silicone injections, to cause sclerosis of the silicone, to hopefully restrict its migration. During the past 20 years, a newer class of injectable material has been used in Ukraine, Russia, and China: PAH. This material was originally introduced to aesthetic surgery under the name of Royamid in Ukraine in late 1980s (33, 34) . It was subsequently marketed under the name of Interfall (Contura International SA, Switzerland) in Ukraine, and Formacryl in Russia (25) . In 1997, it was approved by the State Drug Administration in China (the Chinese equivalent of the FDA). Most preparations marketed in Russia, Ukraine and China today are manufactured by Contura International (Denmark), under the brand name Aquamid. Over the years, PAH has also been marketed as Outline, Bioformacryl, Argiform, Amazing Gel and Bio-Alkamid (35) (36) (37) (38) . These preparations have been used in over 30,000 cases in Europe and Russia (25) . Although the most common site for PAH injections has been the breasts, they have also been used for soft tissue contouring in the face, lips and chest (25, (37) (38) (39) .
Initially, PAH appeared to be an ideal soft tissue filler material. However, several reports have subsequently appeared, demonstrating that numerous complications can occur after PAH injections. These can develop from several months to three years after injection. They include the following: migration, breast lumps, pain, infection, firmness and disfigurement (35) (36) (37) (38) (39) . Migration of PAH appears to be due, in part, to a leak of the viscous injected material from the pocket, through the injection tract (40) . To avoid this problem, injections have been done through very long 18-gauge needles, which are flushed out with saline, to push the PAH from the needle back into the pocket. When these problems have developed, attempts have been made to remove the PAH from the involved tissues. This has been done by both cannula suction and open techniques. Removal is much more effective if the PAH has been injected into large pockets, rather than into multiple small sites (39). The current patient, who received PAH injections in Iran, showed only minimal complications with migration and surface lumps in her breasts. However, we have also seen other patients (eg, from Russia), who have presented with major recurrent infections and multiple sinuses, many years after PAH injection. It could well be that there are different chemical formulations and different purifications of PAH. These may be dependent on the source of the material. It is interesting that the Chinese State Food and Drug Administration (SFDA) has recently banned the production, sale and use of PAH (41) . They received 183 reports of adverse effects from the use of PAH from 2002 to November 2005. Of those, 161 involved breast injection patients who suffered infections and disfigurement. The SFDA has stipulated that all existing supplies of PAH are to be recalled and destroyed under SFDA supervision. Failure to comply with this mandate will result in criminal prosecution. Once again, history has repeated itself! figure 15 ) Final appearance of breasts six months after the insertion of bilateral, 300 mL, subglandular Moderate Plus Profile Mentor Elite Gel implants (Mentor Canada) 
